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ABSTRACT 

Context. Among the tracers of the earliest phases in the massive star formation process, methanol masers have gained increasing 
importance. The phenomenological distinction between Class I and II methanol masers is based on their spatial association with 
objects such as jets, cores, and ultracompact Hii regions, but is also believed to correspond to different pumping mechanisms: radiation 
for Class II masers, collisions for Class I masers. 

Aims. In this work, we have surveyed a large sample of massive star forming regions in Class I and II methanol masers. The sample 
consists of 296 sources, divided into two groups named High and Low according to their [25-12] and [60-12] IRAS colours. Previous 
studies indicate that the two groups may contain similar sources in different evolutionary stages, with High sources being more 
evolved. Therefore, the sample can be used to assess the existence of a sequence for the occurrence of Class I and II methanol masers 
during the evolution of a massive star forming region. 

Methods. We observed the 6 GHz (Class II) CH3OH maser with the Effelsberg 100-m telescope, and the 44 GHz and 95 GHz (Class I) 
CH3OH masers with the Nobeyama 45-m telescope. 

Results. We have detected: 55 sources in the Class II line (39 High and 16 Low, 12 new detections); 27 sources in the 44 GHz Class 
I line (19 High and 8 Low, 17 new detections); 11 sources in the 95 GHz Class I line (8 High and 3 Low, all except one are new 
detections). The detection rate of Class II masers decreases with the distance of the source (as expected), whereas that of Class I 
masers peaks at ~ 5 kpc. This could be due to the Class I maser spots being spread over a region :sl pc, comparable to the telescope 
beam diameter at a distance of ~ 5 kpc. We also find that the two Class I lines, at 44 GHz and 95 GHz, have similar spectral shapes, 
confirming that they have the same origin. 

Conclusions. Our statistical analysis shows that the ratio between the detection rates of Class II and Class I methanol masers is 
basically the same in High and Low sources. Therefore, both maser types seem to be equally associated with each evolutionary phase. 
In contrast, all maser species (including H2O) have about 3 times higher detection rates in High than in Low sources. This might 
indicate that the phenomena that originate all masers become progressively more active with time, during the earliest evolutionary 
phases of a high-mass star forming region. 

Key words. Stars: formation - Radio lines: ISM - ISM: molecules - ISM: masers - ISM: evolution 



^ ' 1. Introduction rial (Plambeck & Menten'lQQO'). This scenario is supported by 

observations that reveal a coincidence between Class I me thanol 
Maser lines of water (H2O), hydroxyl (OH), and methanol masers at 44 GHz and molecular shock tracers (Kurtz et aLlaOoS 
(CH3OH) are commonly detected towards regions of high- Voronkov et al |2006|) 
' mass star formation (e.g. Comoretto et al. 1990; Menten ll99lt 
Kurtz et al. ,2000.: Pestalozzi et al. 12005.) . Among these. Even though both species are believed to trace the earli- 
methanol masers are the most recenfly discovered, and their est phases of the massive star formation process, it is still not 
place in the star formation process is still not well understood, cle ar whe ther any physical relation exists among them. Slysh et 
Menten ( 1 99 1) suggested to classify methanol masers into two al. (11994 claim an anticorrelation between the intensity of Class 
groups: Class I and Class II. The latter typically coincide in i and II methanol masers in the same star forming region. On 
position with hot molecular cores, ultracompact (UC) Hii re- the other hand, Ellingsen (l2005h searched for Class I masers at 
gions, OH masers and near-IR sources (e.g. Minier et al. 120011: 95 GHz towards a sample of known 6 GHz Class II masers and 
Ellingsen et al. 2006) and are believed to be radiatively pumped could not find any (anti)correlation between the two. It is also 
(Sobolev et al. 2007 and references therein; Cragg et al. 2005). poorly understood whether a relationship exists between the oc- 
In contrast. Class I masers are also found in massive star form- currence of Class I and II masers and the evolution of the corre- 
ing regions, but usually offset (-0.1-1 pc) from other masers, sponding massive star forming region, van der Walt (2005) esti- 
UC Hi: regions, and bright infrared soiirces. They seem to be mated a lifetime of the 6 GHz Class II methanol maser of a few 
collisionally pumped (Cragg et al. 119921) at the interface be- lo^ yrs, thus covering a consistent pan of the early life of a mas- 
tween molecular outflows/jets and the quiescent ambient mate- give star Ellingsen (2006) compared the infrared (GLIMPSE) 
colours of sources containing Class II methanol masers having or 
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elated with Class I masers have redder GLIMPSE colours, sug- 
gesting that the sources hosting Class I masers are less evolved 
(see also Breen et al. 2010). However, until now an evolution- 
ary sequence of methanol masers occurence has not been well 
established, partly because Class I masers are less studied and 
models for some Class I lines show that their excitation is very 
se nsitive to the physical properties of the environment (Pratap et 
al. l2008h . 

To investigate the existence of a sequence for the occurrence 
of Class I and II methanol masers along the evolution of a mas- 
sive star forming region, one needs to study large samples of 
high-mass young stellar objects (YSOs) believed to be in differ- 
ent evolutionary stages. A large sample of massive YSOcandl- 
dates with this property was identified by Palla et al. (Il991h : the 
sources, all with S > -30", were selected on the basis of their 
large luminosities (> 10^ L©) and FIR colours typical of dense 
molecular clumps. These have been divided into two subsamples 
based on the IRAS colour^ sources with [25 - 12] > 0.57 and 
[60 - 12] > 1 .3 were named High, the o ther s Low. The threshold 
was taken from Wood & Churchwell 1 19981) . who suggested that 
UC Hn re gions have IRAS colours above these limits. Palla et 
al. (Il99lh searched for 22 GHz H2O masers towards High and 
Low sources, and found a higher detection rate in High sources. 
In the last decade a series of studies aimed at investigating the 
environment associated with such sources (association with am- 
monia cores, centimeter and (sub-)mllllmeter continuum emis- 
sion, '^CO outflows: Mollnarl et al. 1996; Mollnarl et al. 1998a; 
Mollnarl et al. 2000; Brand et al. 2001; Zhang et al. 2001, 2005) 
indicated that Low and High sources are massive stars in a very 
early evolutionary stage, with the Low group being dominated 
by the youngest sources. Two prototypical examples of High and 
Low objects are respectively IRAS 20126H-4104 (Cesaronl et al. 
1997; Cesaronl et al. 1999) and IRAS 23385-1-6053 (Mollnarl et 
al. 1998b; Fontani et al. 2004; Mollnarl et al. 2008,) . 

In this work, we have searched for 6 GHz (Class II), 44 GHz 
(Class I) and 95 GHz (Class I) CH3OH maser emission in the 
High and Low sources of the Palla et al. (1991) sample, with 
the aim to find a possible evolutionary sequence for the occur- 
rence of the different masers. The observations were made with 
the Effelsberg 100-m telescope (at 6 GHz) and Nobeyama 45-m 
telescope (at 44 and 95 GHz). In Sect.|2]we give an overview of 
the observations performed and of the data reduction procedure 
adopted. The results are presented in Sect. |3] and discussed in 
Sect. ID A summary of the main findings of this work is given in 
SectH 

2. Observations and data reduction 

2.1. Effelsberg 100-m telescope observations and data 
reduction 

The 5i - 60 A+ Class II methanol maser line at 6.6685192 GHz 
was observed with the Effelsberg 100-m antenna towards 296 
sources (149 High and 147 Low; see Table iB^T i in May 2003. 
The se co nsist of all the 260 sources selected by Palla et 
al. (1199 Ih . plus 36 sources with FIR colours characteristic of 
High and Low but rejected by Palla et al. (Il991ft because asso- 
ciated with known Hii regions. Data were obtained using two 
spectral windows corresponding to the right- (RCP) and left- 
(LCP) circular polarization. Each spectral window had a ~ 500 
kms"' bandwidth, with spectral resolution of ~ 0.11 km s"' 
(4096 channels). For sources previously detected in ammonia 

' We define the IRAS colours as [Ai - A2] = log[Q(Fj| /F^^) 



by Mollnarl et al. (Il996l) . we centered the windows at the Local 
Standard of Rest (LSR) velocity, Vlsr, obtained from the NH3 
observations. For the other sources the bandwidth was centered 
at km s ' . The half power beam width at the frequency of the 
(5i - 60 A^) methanol line is ~120". Since, due to a technical 
problem, the two polarisations had remarkably different system 
temperatures (45 K for the LCP and 120 K for the RCP), in the 
analysis we used only the LCP spectra. The conversion factor 
between main beam brightness temperature and flux density is 
1.45 Jy/K. The spectra have a typical 3cr rms of ~0.15 Jy, com- 
parable to the high sensitivity surve y of 6 GHz methanol masers 
performed by Caswell et al. (l2010h . The pointing was checked 
towards W30H and 3C123, and the pointing accuracy was al- 
ways better than 20". The flux density scale was calibrated by 
observing NGC7027, whose flux was assumed equal to 5.9 Jy 
and the flux calibration uncertainty is estimated to be of the or- 
der of +10%. 

The data were reduced and analysed by means of the CLASS 
software, which is part of the GILDAS packag^ developed at 
IRAM and Observatolre de Grenoble. 



2.2. Nobeyama 45-m telescope observations and data 
reduction 

Observations of the Class I 44.069476 GHz (7o - 61 A+) and 
95.169489 GHz (80 - 7i A+) methanol lines towards 88 of the 
sources observed in the 6 GHz line were performed with the 
Nobeyama Radio Observatory (NRO) 45-m telescope in April 
2002. The 88 sources were randomly selected among the 260 
sources of Palla et al. (1991), depending on the available ob- 
serving time, and should have not Introduced any bias in the sub- 
sample. We used two SIS receivers simultaneously, centered at 
the rest frequencies of the lines. The half power beam width was 
-38" at 44 GHz and -18" at 95 GHz. The observations were 
made in position-switching mode. The telescope pointing was 
checked observing nearby SIO maser sources at 43 GHz; we es- 
timated a pointing accuracy of 3". The main beam efficiencies 
were 0.75 and 0.53 at 44 and 95 GHz, respectively. As a back- 
end, we used the AOS-H which provides velocity resolutions of 
- 0.14 km s ' at 44 GHz and - 0.06 km s ' at 95 GHz. The 
AOS-H arrays had velocity coverages of 272 km s ' at 44 GHz 
and 126 km s ' at 95 GHz, and were centered at the same ve- 
locity used for the 6 GHz observations. The system temperature 
was -300-500 K at 44 GHz, and 700-1300 K at 95 GHz. All the 
spectra were calibrated with the standard chopper wheel method. 
Assuming that the telescope beam is Gaussian, the conversion 
between main beam brightness temperature, Tmb, and flux den- 
sity, Fy, is Fy(Jy) - 2.23 7'mb(K). We reduced the data using 
the NEWSTAR package developed by the NRO. Subsequently, 
the fully reduced spectra were converted into CLASS format for 
further scientific analysis. 

Towards some of the sources observed in the CH3OH lines, 
we have also obtained spectra of the ammonia (1,1), (2,2), and 
(3,3) inversion transitions. The details of these NH3 spectra are 
not presented in this work; we use these spectra only to derive the 
systemic LSR velocities, Vsys, of the sources whose Vsys cannot 
be found in the literature (see Tables iB^ and lB^ and Sect. 14. 3b . 



^ The GILDAS software is available at 
|http://ww.lrMS r/TRAMFR/GILDAS 
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3. Results 

In this section we present the detections in the three Hnes ob- 
served, and the parameters obtained from the fitting procedure 
described in Sects. 12.11 and 12.21 Spectra of all the detected 
sources are shown in Appendix A. The spectra are grouped as 
follows: sources detected in all the three lines are shown in 
Fig. lA-ll sources detected only in the 6 GHz and 44 GHz lines 
are shown in Fig. IA-21 sources detected only in the 44 GHz and 
95 GHz lines are shown in Fig. I A- 3 1 sources detected only in 
the 6 GHz line are shown in Figs. IA-4l and lA-5| sources detected 
only in the 44 GHz line are shown in Fig. IA-61 The list of de- 
tection and non-detections as well as the main parameters of the 
lines are tabulated in Appendix B. 

3.1. New detections 

Our survey has been cross-correlated with catalogs and large sur- 
veys of both Class 1 and II methanol masers. For the 6.7 GHz 
line, we used the catalog of Pestalozzi et al . (120051) . and 
the rec ent w orks of Cyganowski et al. (l2009h and Caswell 
et al. (l2010l) . For the Class I lines we used: the catalog 
of Val'tts & Larionov (2007); Chen et al. (|2Qp); Pratap et 
al. (2008); Cyganowski et al. (^009). We have found 12 new 
6.7 GHz methanol masers, 17 new 44 GHz methanol masers 
(among which 3 marginal detections). To our knowledge, all 
the sources detected in the 95 GHz metha nol m asers, except 
IRAS 213914-5802 (detected in Val'tts et al. ll995h . are new de- 
tections. 

The new detections are marked in italics in Table IB- ll 

3.2. Observed sources and detection summary 

The observed sources are listed in Table IB- II The IRAS name, 
the type (High - H; Low- L), and the corresponding equato- 
rial coordinates are reported in columns 1 to 4. In column 5 
we give the velocities used for the observations (see Sect. 12.11 ). 
In columns 6 to 8 we give the following information: source 
detected (Y), undetected (N), or not observed (-) in the three 
CH3OH lines (6 Ghz in column 6, 44 GHz in column 7, 95 GHz 
in column 8). For the sake of completeness, in column 9 we give 
the same information for the 22 GHz H2O maser emissi on. Fo r 
this latter, the information was taken from: Palla et al. (1199 Ih . 
Valdettaro et al. (.2001.) . Wouterloot et al. (Il993h . Henning et 
al. (Il992h . and Medicina archival data. 

In Fig. [1] we plot a sketch summarising the number of 
sources in which one, two, or all three lines have been detected. 
Given that the sample observed in the Class I CH3OH masers is 
much smaller than that observed in the other two lines, for the 
H2O and Class II CH3OH masers we also give the number of de- 
tected sources that have been observed also in the Class I maser 
(numbers in parentheses in Fig.[T]). 

The number of sources observed and detected in the three 
maser species, and the corresponding detection rates, are sum- 
marised in Table [1] We also give the same information for the 
22 GHz H2O maser (Col. 11) and some detection rate ratios: 
44GHz / 6GHz (Col. 12), H2O / 6GHz (Col. 13) and 44GHz / 
H2O (Col. 14). For the Class I CH3OH maser line, we consider 
the 44 GHz line only because all sources detected at 95 GHz 
have also been detected at 44 GHz. One can notice that the de- 
tection rates of the Class II masers are comparable to those of 
H2O masers both in High and Low sources (respectively, 27% 
and 28% in High sources, 1 1 % and 9% in Low sources), whereas 
the Class I masers have a higher detection rate than Class II and 




Fig. 1. Sketch showing the number of sources detected in the 
three maser lines. In parentheses we give the number of sources 
detected in the 22 GHz H2O maser and/or in the Class II CH3OH 
maser also observed in the Class I (44 GHz) CH3OH maser 

H2O masers, in both source types (48% in High sources, 17% in 
Low sources). 

The High/Low detection ratio given in Table [T] has the pur- 
pose to highlight possible diff'erences between the relative oc- 
currence of masers of Class I and II in High and Low sources: 
The most evident result from Table [T] is that the detection rates 
in all the masers (Class I, Class II, H2O) are greater in High than 
in Low sources. On the other hand, their ratios seem to be inde- 
pendent of the distinction between High and Low (Cols. 12, 13 
and 14). Therefore, our analysis does not reveal any significant 
difference in the relative occurrence of the different masers ob- 
served in High and Low sources. We propose an interpretation 
of this result in Sect. \4~T\ 

The 95 GHz Class I line has the lowest total detection rate 
(13%) and all the sources detected in this line have been de- 
tected also in the Class 1 44 GHz line. We have checked whether 
the diff'erent detection rates in the two Class I masers (3 1 % at 
44 GHz versus 13% at 95 GHz) could be due to worse signal- 
to-noise ratio (S/N) at 95 GHz than at 44 GHz. For this purpose, 
we have first estimated the noise level that one should have had 
in the 44 GHz spectra to achieve the same average S/N as in the 
95 GHz spectra: this is 0.7-0.8 Jy. Then, we have computed the 
detection rate that we would have achieved at 44 GHz with this 
noise: this turns out to be 25%, which is still significantly higher 
than the 13% obtained for the 95 GHz line. Therefore, the diff'er- 
ent detection rates in the two lines cannot be attributed only to 
the diff'erent noise level, but must be due to diff'erent intensities 
of the two masers. 

3.3. Parameters of the 6 GHz (Class II) CH3OH masers 

In Table IB^ we list the parameters obtained from Gaussian fits 
to the 6 GHz maser lines for High sources. In column 2 we give 
the systemic velocity (Vlsr) of the sources. This has been ob- 
tained mainly from NH3 observation^ The best fit parameters 
are given in columns 3 to 6 as follows: integrated intensity (col- 

^ For most sources the velocity is taken from the NH3 survey by 
Molinari et al. ( 1996); for 7 sources is estimated from NH3 spectra ob- 
tained with the Nobeyama 45-m telescope during the same observing 
run allocated for the observations of the CH3OH masers (see Sect. l2.2b : 
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Table 1. Sources observed (O), detected (D) and coiTesponding detection rates (DR) of CH3OH masers, and H2O maser at 22 GHz 
in High and Low sources. 







6 GHz 




44 GHz 




95 GHz 


H2O 


44GHz / 6GHz 


H2O / 6GHz 


44GHz / H2O 







D 


DR 





D 


DR 





D 


DR 










High 


147 


39 


27±4% 


40 


19 


48 ± 8% 


40 


8 


20 ± 6% 


28 ± 4% 


1.8+0.6 


1.0+0.3 


1.8+0.5 


Low 


149 


16 


11±3% 


48 


8 


17 ±5% 


48 


3 


6 ±3% 


9 ±2% 


1.5+0.8 


0.8+0.4 


1.9+1.0 


total 


296 


55 


19 ± 2% 


88 


27 


31 ±5% 


88 


11 


13 ±4% 










High/Low 






2.9±1.3 






2.5+1.1 






3.3+1.4 


3.1+1.1 


1.2+1.0 


1.2+1.0 


0.9+0.7 



umn 3); peak velocity (column 4); line width at half maximum 
(column 5); peak intensity (column 6). The same information is 
given for Low sources in Table IB-31 As can be seen from the 
spectra in Figs. lA- 11 - 1X31 in the large majority (85%) of the 
detected sources the emission consists in multiple peaks spread 
over a well defined velocity range, rather than in a single line. 
Interestingly, only 2 out of the 7 sources with only one line in 
the spectrum belong to the High group. In fact, 94% of the de- 
tected High sources have multiple lines, while only 70% of Low 
sources do. The line widths are between 0.2 and 0.9 km s ' in 
the large majority (~95%) of the lines, and never exceed 1.5 
km s"' except two cases: 18089-1732, and one line in the spec- 
trum of 18048-2019. We believe that in these sources (especially 
18089-1732, for which we derive a line width of 10 km s"') the 
large linewidths are due to blending of several narrow lines. This 
is suggested by the fact that other surveys of this maser transition 
in similar IRAS sources (Szymczak & Kus l200Qi) have revealed 
line widths smaller than 1 km s ' in all cases. 

In our survey, we find a median flux density peak of 
~15 Jy and a median number of lines per spectrum of 4 (see 
Tables IB-21 and IB-3l l. Among the new detections, only two 
sources have components with peak flux densities in excess of 
6 Jy, IRAS 05480+2545 and IRAS 18024-2119, and 10 out of 
12 sources have less than 5 components. 

Walsh et al. (,1997) observed a sample of 535 IRAS sources 
soutii of 5 = 0° in the 6 GHz CH3OH maser with the Parkes 
64-m telescope. They observed 4 sources that have also been 
observed in our survey (18159-1648, 18236-1205, 18265-1517 
and 18316-0602), all belonging to the High group. We find good 
agreement - both in the flux densities of the lines and in the ve- 
locity ranges - between the spectra taken with the two telescopes 
in all sources, except 18236-1205. In 18236-1205, the Pai'kes 
64-m observations show more spectral features and an intensity 
more than twice the one observed by us with the EfFelsberg 100- 
m telescope. This is likely due to the variability of the maser line. 
In the sources detected in the Parkes survey, the median value of 
the flux density peak is ~ 13 Jy, and the median number of lines 
per spectrum (i.e. per source) is 5 (Walsh et al. il997i) . consistent 
with our findings. 

3.4. Parameters of the 44 and 95 GHz (Class I) CH3OH 
masers 

The parameters obtained from gaussian fits to the spectra ob- 
served towards both High and Low sources at 44 GHz, shown in 
Figs. lA^llA^lA^ and lA^ are given in TableHH] The struc- 
ture of the table is the same as Tables lF2l and lB^ but a letter has 



for the remaining sources, we have take n the systemic velocities from: 
Sridharan et al. ( 2002); Bronfman et al. ( 1996, from observations of the 
CS(2-1) line); Richards et al. ( 1987) from observations of HCO+ (1-0); 
Sunada et al. ( 120071) and references therein. 



been added to the IRAS name to denote if the source belongs to 
the High (H) or Low (L) sample. 1 3 out of the 27 detected objects 
(i.e.~50%) are undetected in the 6 GHz line, among which the 
brightest 44 GHz source, 18018-2426. Contrary to the 6 GHz 
lines, at 44 GHz only 8 sources out of the 27 detected show 
multiple components and the line widths are generally broader 
than, or comparable to, 1 km s"'; only 31% of the sources show 
linewidths below this limit (see Table lB-4l l. In addition, the lines 
are not very bright on average: except 18018-2426, for which 
the peak flux is ~ 350 Jy, the others have intensities on the order 
of 1-10 Jy. We do not find any systematic differences between 
the old and new detections neither in the peak fluxes nor in the 
line widths. 

The relatively large linewidths suggest either that some of 
the lines are thermal, or that they are the superposition of sev- 
eral blended components. We believe that the second possibility 
is more li kely, on the basis of the VLA observations of Kurtz et 
al. (l200l . These authors observed some of our sources with bet- 
ter sensitivity and angular resolution revealing multiple compo- 
nents spread over a velocity range comparable to the line widths 
measured by us with the Nobeyama 45-m tel escope . The sources 
in common with the survey of Kurtz et al. (l200l are: 18144- 
1723, 18162-1612, 19092+0841, 21307+5049, 21391+5802 
and 23385+6053. All of them have been detected also in our ob- 
servations with the sole exception of 21307+5049, which has an 
intensity peak of ~ 1 Jy in the observations of Kurtz et al. ( 2004j). 
Since this value is larger than the 3cr rms in our observations, 
probably the intensity of this maser has decreased with time. In 
18144-1723, 19092+0841 and 23385+6053 we detect only one 
line, while Kurtz et al. (2004) detected multiple lines separated 
by about 2-3 km s"'. This can explain the line widths observed 
in our study (~ 1.5, 5.7 and 3.2 km s"', respectively). We thus 
conclude that most of the line widths > 1 km s"' are likely due to 
multiple components having small (< 0.5 km s"') velocit y sepa - 
rations. This is also supported by the study of Slysh et al. ( 19941) . 
who detected the 44 GHz line in 148 massive young stellar ob- 
jects similar to those studied in this work, and derived linewidths 
$1 km s"' in the large majority (87%, against our 31%) of the 
sources. 

Finally, in Table IB-51 we list the line parameters obtained 
from gaussian fits to the spectra at 95 GHz. All sources detected 
in this line have been detected also in the 44 GHz transition (see 
Table EB- At 95 GHz, as well as at 44 GHz, 18018-2426 is 
the brightest source. The line widths are distributed around 1-2 
km s ', and the peak intensities are on the order of 1 Jy, with 
the above mentioned exception of 18018-2426 (~ 50 Jy), sug- 
gesting that some of the detected lines might be thermal. In the 
survey of Kalenskii et al. (1994), the linewidths are similar to 
those measured in our sources, but the intensities are compara- 
ble to or higher than 40 Jy, suggesting maser emission. 

At a first glance, the spectra of the 44 GHz and 95 GHz 
masers shown in Figs. lA-ll and IA-31 indicate that the shape of 
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Fig. 2. Relative difference between the integrated intensity of 
the lines in the normalised spectra (see text) at 95 GHz and 
44 GHz, I/95GHZ - fAAGHzM fAAGHzi a function of the integrated 
flux F44CHZ for 9 out of the 1 1 sources detected in both lines. We 
have not included 18396-0431 because marginally detected in 
the 44 GHz line, and 21391+5802, for which the 95 and 44 GHz 
lines have inconsistent velocity ranges. 



these two lines are similar in a given source, and clearly dif- 
ferent from that of the corresponding 6 GHz maser To analyse 
this effect more quantitatively, we have normalised each spec- 
trum with respect to the peak intensity and then calculated the 
quantity IfyscHz - UachzM hACHz^ where fy indicates the inte- 
gral under the lines of the normalised spectrum. In Fig. |2] we 
plot this quantity as a function of the flux integrated under the 
44 GHz lines, for 9 out of the 1 1 sources detected in both 

lines. We have not included 18396-0431, because the detection 
at 44 GHz is very doubtful. We have also excluded 21391+5802, 
for which the 95 and 44 GHz lines have inconsistent velocity 
ranges. Figure |2] demonstrates that 7 sources, i.e. ~65% of the 
total, have relative deviations < 0.3. Even though the number 
of sources is very low, this result indicates that the two Class I 
masers have similar shapes in the majority of the sources de- 
tected in both lines, th us con firming the findings of previous 
studies (e.g. Val'tts et al. ll995h . 

4. Discussion 

An important caveat to be kept in mind when considering our 
results is that the angular resolution of our observations (18"- 
-120") corresponds to a maximum linear scale of several par- 
sees. Regions that large contain a multiplicity of YSOs, possibly 
in different evolutionary stages, so that it is impossible to asso- 
ciate our findings for a given maser species with a single ob- 
ject. Nevertheless, our results have a statistical significance in 
the sense that they represent the mean properties of the whole 
star forming region encompassed by the telescope beam. The 
validity of this approach is demonstrated by the distinction it- 
self between High and Low sources, which is based on the IRAS 
data, whose resolution is similar to that of our observations. In 
this regard, we also stress that such a similarity guarantees a con- 
sistent comparison between our findings and the source classifi- 
cation based on the IRAS colours. 

For these reasons, it is not surprising that we do not find nei- 
ther a correlation nor an anti-correlation between the intensity of 
Class I and that of Class II masers. While this might be expected 
for different maser types associated with single YSOs, any such 
effect is bound to disappear when multiple sources are observed 



altogether On the other hand, one can still use the detection rates 
described in Sect. l3.2l to draw statistical conclusions on the rela- 
tive evolutionary phase of the different maser types. This will be 
done in Sect. 14711 

In the following, we will also illustrate and compare proper- 
ties such as the typical line width and the line velocity disper- 
sion, for the different maser types. 

4.1. Detection rates: High versus Low sources 

The most evident result of this work is that for all maser types the 
detection rates are a factor of ~ 3 greater in High sources than 
in Low sources, which indicates that all types of maser emission 
in a high-mass star forming region become more easily excited 
as evolution proceeds. This conclusion is confirmed by the fact 
that, as noted in Sect. 13.21 the ratio between the detection rates 
of two different maser types does not change significantly from 
High to Low sources. In other words, all masers appear to evolve 
in a similar way from the Low to the High phase, because the 
proportion of detected masers remains the same in Low and High 
sources. 

A possible interpretation of these results is that all phenom- 
ena triggering population inversion and hence maser emission 
(outflow/accretion shocks, hot dust emission, etc.) become more 
and more prominent during the evolution. Therefore, as time 
goes on, in a given star forming region the number of bipolar out- 
flows, accretion disks, and luminous infrared sources increases, 
thus leading to a corresponding increase of the number of maser 
sources. 

Our findings appear to contradict the suggestion by 
Ellingsen (120061) that Class I masers are associated with younger 
sources than those associated with CH3OH Class II and H2O 
masers. However, EUingsen's claim is admittedly based on a 
low number of sources and, as stated by the author himself, is 
rather speculative. A larger number of data with better angular 
resolution for both methanol maser types will be needed before 
drawing any conclusion on this issue. 

4.2. Detection in Class I and II masers and source distance 

In Fig. [3] we plot the detection rates for the CH3OH masers at 
6 GHz (Class II) and 44 GHz (Class I) as a function of the source 
distance. The kinematic distance was taken from the following 
papers: Molinari et al. (1996, 2008); Sridharan et al. (200l); 
Zhang et al. (2005); Sunada et al. (120071) . The plot shows that 
most of the sources detected at 6 GHz have distances between 1 
and 5 kpc and the detection rate rapidly decreases with increas- 
ing distance. This is the obvious consequence of the fact that the 
closer is the source, the higher is the measured flux. However, 
while the Class II maser detection rate increases all the way to 
the smallest distances, that of the Class I masers attains a max- 
imum at ~5 kpc (45% of the sources observed between 4 and 
6 kpc are detected) and then decreases for smaller distances, de- 
spite the fact that the distance distribution of the whole sample 
peaks at distances lower than ~ 5 kpc (see Fig. 3 in Molinari 
et al. 1996). Our interpretation is that in each source the Class I 
maser spots are spread over a significantly larger region than 
that of the Class II maser spots. Consequently, in the closest ob- 
jects part (or all) of the Class I spots happen to fall outside the 
instrumental HPBW. This idea is supported by the fact that - 
as argued in Sect. [T]- Class I masers are located typically 0.1- 
1 pc away from the centre of star formation activity, whereas 
Class II masers are found closer to it. At 44 GHz the HPBW of 
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Fig. 3. Distributions of the detection rate for the Class II 6 GHz 
maser (solid line) and Class I 44 GHz maser (dashed line) as a 
function of the source distance. 



the Nobeyama 45-m telescope is -38", which translates into a 
linear size of ~0.9 pc at a distance of 5 kpc, consistent with the 
maximum spread observed in Class I maser spots. 

4.3. Velocity ranges in Class I and Class II masers 

Figure |4] shows the distribution of the velocity range, derived 
as the difference between the minimum and maximum velocity 
peak of the different lines in each spectrum, IVmax - Vminl, for the 
Class II 6 GHz and Class I 44 GHz CH3OH masers, and for the 
sources detected in the 22 GHz H2O masers by Palla et al. (ll99lL 
see their Table 2a) and Valdettaro et al. (120011: Table 1). Out of 
the 55 sources detected in the H2O maser line, 44 belong to the 
Palla et al. (1991) sample. For spectra with a single line, we have 
assumed as velocity range the measured full width at half maxi- 
mum (Col. 5 of T ables lB-2IIB-3l and lB-4l i. to be consistent with 
Palla et al (Il99lh . The majority of the sources show maser emis- 
sion of Class I CH3OH spread over velocity ranges smaller than 
6 km s-i (93%), while 60% and -64% of the H2O and Class II 
maser emission, respectively, have a velocity range smaller than 
this value, suggesting once more that Class II masers originate 
from an environment different from that required to excite Class 
I masers. The distributions of the velocity ranges for Class II and 
H2O masers look more similar each other. However, that of the 
Class II masers extends up to velocity ranges of ~ 12 km s^', 
whereas the distributions of the Class I and H2O masers are 
clearly more peaked at small values: Fig. |4] shows that 21 out 
of 55 sources (38%) detected in the Class II maser have velocity 
ranges between ~6 and ~12 km s ', wehreas only 16% and 19% 
of the sources detected in the H2O and Class I lines have veloc- 
ity ranges in this interval. Finally, the largest difference between 
the maximum and minimum velocities is found in H2O masers. 
In fact, 6 sources show H2O emission spread over a velocity 
range larger than ~ 20 km s whereas in all CH3OH masers 
the spread is below this limit. In summary. Fig. |4] indicates that 
there are no clear correlations among the velocity spreads of any 
of the three maser types. 

In Fig. |5] we plot the distribution of the difference between 
the velocity of the maser, Vmaser, and the systemic one, Vsys 
once again for the three maser types. Obviously, we did not in- 
clude in Fig.|5]sources without available measurements for Vsys. 



These are: 06291-H0421, 17582-2234 and 19045-H0813, among 
the sources detected in the H2O maser, and 17571-2328 and 
19186-1-1440 (see Tables IB-21 and IB-31 ) among those detected in 
the CH3OH masers. Vsys for the H2O maser detections was taken 
from ammo nia measurements (Molinari et al. 1996, Valdettaro 
et al. l2001h . For spectra with multiple lines we have adopted 
as Vmaser that of the peak. The 6 GHz masers show a distribu- 
tion centred around zero, but the majority of the sources (~67%) 
have a separation of ~ 5 km s"' or more between the systemic 
and the peak velocity. On the other hand, for the 44 GHz lines, 
the distribution is much more peaked around zero and only 6 
sources (22%) have separation larger than ~ 5 km s"'. The dis- 
tribution of the H2O maser resembles more closely that of the 
Class II CH3OH line, and it shows the largest absolute difference 
between Vmasei and Vsys- However, the sources with the largest 
velocity separation have Vmaser blue-shifted with respect to Vsys, 
while for Class II lines the largest difference is observed in red- 
shifted lines. 

Altogether, the results shown in Figs. |4] and |5] suggest that 
the 44 GHz maser emission is originated in gas with smaller ve- 
locity spread and closer to the systemic velocity, than the gas 
in which the other masers are produced. This finding appears 
in contrast with the belief that Class I masers could be asso- 
ciated with jets/outflow (Plambeck & Menten Il990t Kurtz et 
al. 2004), unless the jet axis lies very close to the plane of the 
sky. Before drawing any conclusion, though, one must take into 
account the effect of the different noise at 44 and 6 GHz, which 
can play a significant role in shaping the distribution in Fig. |4l 
To take this into account, we proceed as done in Sect. l3.2l for the 
comparison between the 44 and 95 GHz spectra. The 3cr rms of 
the Effelsberg 100-m spectra is ~0. 03-0. 04 Jy, whereas the one 
needed to achieve the same average signal to noise ratio as at 
44 GHz is -2.2 Jy. By inspecting Tables lB^ and lB-3] one can see 
that several lines are below this limit, especially those at the edge 
of the velocity interval, i.e. those used to calculate IVmax - V^ml- 
Therefore, the different rms noise at the two frequencies plays 
an important role in the estimate of IVmax - Vminl- To quantify 
this effect, we have recalculated the histogram in Fig. |4] for the 
6 GHz line, excluding the lines fainter than ~ 2.2 Jy, and find 
that the histogram is still slightly wider than that at 44 GHz. 
In conclusion, we believe that the different distributions for the 
three maser types correspond to different formation environ- 
ments, with Class I masers possibly forming in shocks slower 
than those generating e.g. H2O masers and/or propagating per- 
pendicular to the line of sight. 



5. Summary and Conclusions 

We have searched for three methanol maser lines (6 GHz Class 
II, 44 GHz Class I, and 95 GHz Class I) towards a large sample 
of massive YSOs divided into two grou ps {Hi^ h and Low) on the 
basis of their IRAS colours (Palla et al. Il99lh . Previous studies 
indicate that the two groups are in different evolutionary stages, 
with High sources being the more evolved. This work aims to 
use this sample to test a possible evolutionary sequence in the 
appearence of Class I and II methanol masers. The main findings 
of our study are the following: 

- We have detected: 55 sources in the Class II line (39 High 
and 16 Low, 12 new detections); 27 sources in the 44 GHz 
Class I line (19 High and 8 Low, 17 new detections); 11 
sources in the 95 GHz Class I line (8 High and 3 Low, all 
new detections). 
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- The detection rates of all the masers observed are greater (by 
a factor ~3) in High than in Low sources: the High/Low de- 
tection rate ratios are 2.9+1.3 for the Class I 44 GHz line, 
3.3 + 1.6 for the 95 GHz Class I line, and 2.5 + 1.1 for the 
Class II line. All these values are similar to that found for 
H2O masers, i.e. 3.1 + 1.1. Going from Low to High sources, 
we do not find any statistically significant difference in the 
relative occurrence of Class I masers with respect to Class 
II masers. An analogous result holds for the ratio between 
the detection rates of CH3OH and H2O masers. A possible 
interpretation is that all maser species analysed in this work 
evolve similarly during the evolutionary phases correspond- 
ing to High and Low sources. 

- The detection rate of the Class II masers decreases with the 
distance of the source, as expected, whereas that of the Class 
I masers peaks at ~5 kpc. We interpret this result with Class 
I maser spots being typically spread over a larger (^1 pc) 
region than Class II maser spots. 

- The spectra in the two Class I masers appear to have similar 
shapes in 7 out of the 1 1 sources detected in both lines, con- 
firming a common physical origin. Their different detection 
rates cannot be explained only with the different noise levels 
at 44 and 95 GHz and we thus conclude that the 95 GHz line 
is intrinsically fainter. 
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Fig. A-4. Same as Fig. lA-ll for sources detected in the 6 GHz maser only. 
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Table B-1. Source parameters used for the observations and detection summary. The new detections are in itaUcs. 
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Table B-1. continued. 
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Notes. <''' Observed by Palla et al. ( Il99lh with the Medicina 32-m telescop e, exce pt when differently specified; Reject ed by Palla et al. ( 1991) 
because associated with radio continuu m; O bserved by Wouterloot et al. jl993h ; Observed by Valdettaro et al. ( 120011) ; Marginal detection 
at ~ 3cr; Observed by Heiming et al. il992h ; *** Observed with the Medicina 32-m telescope (unpublished data). 
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Table B-2. Parameters of the 6 GHz CH3OH maser (Class II) detected in High sources with the Effelsberg 100-m telescope. 
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Table B-2. continued. 
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31.16±0.08 


28.000+0.003 


0.258+0.007 


113. 






0.57+0.05 


28.990+0.007 


0.30+0.03 


1.78 


18159-1648 


22.1 


0.20+0.04 


22.7+0.1 


1.2+0.4 


0.154 


18236-1205 


26.2 


0.9+0.2 


25.1+0.1 


1.1+0.1 


0.746 






1.8+0.2 


25.2+0.1 


0.5+0.1 


3.37 






3.6±0.2 


27.2+0.1 


0.5+0.1 


6.19 






3.0+0.2 


28.7+0.1 


0.5+0.1 


5.98 






0.3+0.2 


29.9+0.1 


0.9+0.1 


0.341 


18247-1147 


55.9 


0.34+0.02 


116.300+0.005 


0.23+0.01 


1.38 






0.31 ±0.02 


123.00+0.02 


0.39+0.04 


0.756 


18265-1517 


19.0* 


s 83+0 06 


14 900+0 003 


256+0 002 


32.4 






1.44+0.09 


1 5 55+0 02 

J. »y . »y »y -!—\J . \J i-, 


53+0 04 

\J ^ -!—\J . \J~ 


2.55 






6 02+0 06 


17 250+0 002 


324+0 004 


17.4 






2 33±0 06 


1 8 660+0 005 


38+0 01 


5.82 


18316-0602 


42.2 


0.5+0.4 


38 5+0 1 


0.4+0.1 


1.41 






4.0+0.4 


41.0+0.1 


0.9+0.1 


4.04 






39.3+0.4 


41.8+0.1 


0.3+0.1 


118. 






0.7+0.4 


42.5+0.1 


0.4+0.1 


1.87 


18317-0845 


62.4 


0.22+0.03 


59.67+0.05 


0.7+0.1 


0.304 






0.27+0.04 


63.15+0.03 


0.48+0.06 


0.537 






0.60+0.07 


63.890+0.005 


0.28+0.02 


1.99 






3.5+0.1 


64.39+0.01 


0.96+0.04 


3.39 






0.49+0.05 


65.020+0.005 


0.26+0.02 


1.75 






0.18+0.02 


65.77+0.01 


0.22+0.02 


0.771 


18372-0541 


22.8 


0.95+0.04 


18.25+0.01 


0.54+0.02 


1.65 






2.81+0.03 


22.900+0.001 


0.296+0.004 


8.91 






2.8+0.1 


24.06+0.02 


1.00+0.06 


2.67 






3.7±0.1 


24.860+0.003 


0.433+0.007 


8.11 


18408-0353 


102.1* 


0.20+0.04 


100.00+0.06 


0.7+0.2 


0.293 






0.11+0.03 


105.30+0.03 


0.3+0.1 


0.334 






0.57+0.02 


106.400+0.003 


0.238+0.009 


2.24 


18488-hOOOO 


83.2 


2.7+0.3 


90.2+0.1 


0.6+0.1 


4.17 






1.7+0.3 


90.9+0.1 


0.4+0.1 


3.78 






0.6+0.3 


91.4+0.1 


0.2+0.1 


2.69 






6.3+0.3 


91.9+0.1 


0.4+0.1 


13.8 






0.27+0.02 


94.190+0.007 


0.24+0.02 


1.07 






0.12+0.02 


94.69+0.02 


0.25+0.04 


0.478 
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Table B-2. continued. 



Source 


(km s"') 


Mv km s^^^ 


V 

(km s"') 


^v 

(km s"') 


^peak 

(Jv) 


18507+0121 


57.1 


8 62±0 02 


55 660+0 003 


394+0 003 


20.6 






17+0 01 


57 860+0 003 


20+0 01 


0.766 






91+0 08 

\J . V ^ -!—\J . \J\J 


59.9+0.1 


0.4+0.1 


2.05 






1 8+0 08 

± . ij -!—\J .\J\J 


62.5+0.1 


0.6+0.1 


2.73 


18517+0437 


43.7 


1,4+0.1 


39 64+0 03 


1.0+0.1 


1.33 






138 1±0 3 


41 180+0 003 

~ J- . J- KJ\J -1-\J t\J\J,J 


524+0 003 


248. 






1.56+0.2 


42 75+0 04 


0.8+0.1 


1.88 






3.2+0.2 


45 34+0 05 


1.7+0.1 


1.81 






1 67+0 08 

X .\J 1 -!—\J . \J \J 


45 910+0 004 

~— ' . y i.\J -!—\J .\J\J~ 


23+0 01 

\J ^> -!—\J .\J J. 


6.74 






69+0 08 

\J .\J ^ -!—\J .\J\J 


48 22+0 02 


40+0 06 

\J •~\J -!—\J .V/VJ 


1.62 






1 35+0 08 


51 26+0 01 


50+0 02 


4.38 


1 8532+0047 


58.6 


23+0 02 


61 89+0 02 


48+0 05 

\j ,\jty 


0.449 


1 8566+0408 


85.1 


12+0 02 


78 41 +0 02 


26+0 05 


0.447 






3 1 +0 02 


79 19+0 01 


33+0 03 


0.882 






1 1 2±0 02 


79 680+0 004 


37+0 01 


2.80 






1 56+0 07 


83.7+0.1 


0.3+0.1 


4.72 






1.39+0.07 


84.3+0.1 


0.6+0.1 


2.09 






96+0 07 


84.9+0.1 


0.3+0.1 


2.65 






1 3 1 ±0 07 


86.3+0.1 


0.6+0.1 


2.18 






23+0 07 


87.7+0.1 


0.7+0.1 


0.302 


19230+1341 


39.6 


6 69+0 01 


35 800+0 001 


658+0 003 


9.56 






16 10+0 05 

X\J . l.\J -i—\J . 


36 900+0 001 


867+0 003 


17.4 






1 00+0 03 


38 390+0 003 


32+0 01 


2.97 






3 43±0 05 


39 1 80+0 005 


93+0 02 


3.47 






95±0 03 


40 65+0 01 


74+0 03 


1.20 


10982+1814 


24.1 


1 55+0 02 


1 8 860+0 004 


513+0 008 


2.83 


19388+2357 


34.6 


3.3+0.4 


36.4+0.1 


0.7+0.1 


4.18 






3.5+0.4 


37.2+0.1 


0.5+0.1 


6.75 






8.8±0.4 


38.2+0.1 


0.4+0.1 


23.0 






0.4+0.4 


38.7+0.1 


0.2+0.1 


1.63 






1.1 ±0.4 


39.6+0.1 


0.4+0.1 


2.90 


20062+3550 


0.6 


0.49+0.05 


-3.0+0.1 


0.5+0.1 


0.883 






0.48+0.05 


-2.6+0.1 


0.3+0.1 


1.57 






1.47±0.05 


5.9+0.1 


0.4+0.1 


3.75 




0.6 


0.83+0.05 


6.6+0.1 


0.4+0.1 


1.92 


20126+4104 


-3.9 


1.49+0.03 


-8.393+0.005 


0.56+0.02 


2.52 






4.6+0.9 


-7.7+0.1 


0.4+0.1 


11.0 






4.9±0.9 


-6.5+0.1 


0.5+0.1 


9.09 






18.5+0.9 


-6.6+0.1 


1.3+0.1 


13.4 






12.2+0.9 


-6.2+0.1 


0.3+0.1 


41.4 






1.2±0.9 


-4.9+0.1 


0.4+0.1 


2.68 


20350+4126 


-2.5* 


0.20+0.03 


-10.93+0.08 


0.9+0.2 


0.206 






0.09+0.02 


-4.07+0.04 


0.31+0.07 


0.268 


21306+5540* 


-71.1^ 


13+0 02 

\J . 1. ^ -J— \J .\J 


-78 27+0 05 


0.6+0.1 


0.22 






38+0 02 


.73 33+0 01 


36+0 02 


1.01 






49+0 03 


.71 04+0 02 


69+0 06 


0.66 






47+0 03 


-69 90+0 01 


46+0 04 

\j 


0.95 






20+0 03 

\J , £-i\J -!—\J ,\J ^ 


-68 66+0 08 


1.0+0.2 


0.2 


22272+6358 


-9.9 


0.46+0.02 


-12.880+0.008 


0.30+0.02 


1.43 






0.37+0.02 


-12.40+0.02 


0.41+0.03 


0.853 






20.78+0.02 


-11.010+0.003 


0.367+0.003 


53.1 






6.03+0.02 


-10.270+0.001 


0.372+0.002 


15.2 


22506+5944 


-51.5 


0.17+0.04 


-55.6+0.1 


0.9+0.3 


0.172 






0.81+0.02 


-53.880+0.006 


0.44+0.01 


1.72 


22543+6145* 


-11. r 


71±1 


-4.7+0.1 


0.6+0.1 


147 






129+1 


-4.1+0.1 


0.3+0.1 


361 






101 + 1 


-3.8+0.1 


0.2+0.1 


394 






156+1 


-2.5+0.1 


0.5+0.1 


296 






30+1 


-1.8+0.1 


0.3+0.1 


92 
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Notes. **' sources rejected by Palla et al. | |199 ih : from Molinari et al. il996h except when differently specified; from NH3 observations 
performed with the Nobeyama 45-m telescope simultaneously to the C H3OH maser observations; from CS (2-1) observations, Bronfman et 
al. (fl996) ; from Sridharan et al. (|2002) ; from Richards et al. ( Il987h ; from Sunada et al. (.2007,') and references therein. 
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Table B-3. Same as Tab. lB-2l for Low sources. 



Source 


^LSR " 


\FydV 


V 


AV 


■Fpeak 




(km s"') 


(Jy km s^') 


(km s"') 


(km s"') 


(Jy) 


05137+3919 


-25.4 


0.21+0.06 


-16.2+0.1 


0.6+0.2 


0.3 


06099+1800* 


7.1/ 


1.8+0.9 


1.9+0.1 


0.6+0.1 


2.8 






5.1+0.9 


4.0+0.1 


0.3+0.1 


15.9 






28.7+0.9 


4.6+0.1 


0.4+0.1 


63.6 






15.6+0.9 


5.4+0.1 


0.4+0.1 


35.4 


17450-2742 


-16.9 


39+0 02 


-12 15+001 


37+0 03 


0.986 


18024-21 19 


0.5 


25+4 


.5 33+0 03 


42+0 08 

\j 


56.0 






67+3 


.4 29+0 07 


0.8+0.2 


78.9 






28+2 


-3 81+0 02 


32+0 05 


83.9 






39+2 


-3 22+0 03 


50+0 07 


73.4 






27+2 


-5.3+0.1 


0.5+0.1 


55.4 






48±2 


-4.4+0.1 


0.6+0.1 


74.2 






51+2 


-3.8+0.1 


0.5+0.1 


105. 






33+2 


-3.2+0.1 


0.4+0.1 


76.5 






5+2 


-2.6+0.1 


0.6+0.1 


8.65 






6.2+0.3 


-0.827+0.004 


0.86+0.06 


6.75 






10.7+0.2 


-9.90.09+0.006 


0.62+0.01 


16.1 






54.3+0.3 


1.891+0.004 


1.066+0.009 


47.9 






24.4+0.1 


2.69+0.01 


1.29+0.03 


17.7 


18144-1723 


47.3 


1.40+0.04 


47.510+0.005 


0.43+0.01 


3.04 






8.95+0.04 


49.020+0.003 


0.464+0.003 


18.1 






6.35+0.04 


49.600+0.003 


0.355+0.003 


16.8 






2.18+0.03 


50.330+0.004 


0.464+0.007 


4.42 






12.51+0.03 


51.090+0.003 


0.479+0.003 


24.5 






1.50+0.02 


51.900+0.003 


0.344+0.006 


4.10 


18181-1534 


-5.8* 


1.61+0.03 


-3.740+0.002 


0.296+0.006 


5.1 






20.06+0.03 


-2.999+0.003 


0.399+0.003 


47.2 


18224-1228 


48.8* 


2 14+0 02 


38 700+0 002 

^U. / \J\J -i—\J .KIKJ i-, 


394+0 005 


5.1 






08+0 01 

\J .\J\J -!—\J . \J J- 


39 60+0 02 


19+0 04 


0.401 


18278-1009 


93.7 


07+0 02 


108.70+0.02 


19+0 09 


0.35 






0.45+0.02 


109.800+0.007 


0.35+0.02 


1.19 






0.46+0.02 


110.900+0.005 


0.30+0.01 


1.46 






1.7+0.2 


115.9+0.1 


1.1+0.1 


1.48 






2.5+0.2 


116.5+0.1 


0.5+0.1 


4.46 






5.4+0.2 


117.2+0.1 


0.5+0.1 


9.98 






1.1+0.2 


117.9+0.1 


0.4+0.1 


2.50 




93.7 


0.4+0.2 


118.4+0.1 


0.3+0.1 


1.13 






1.24+0.02 


119.000+0.003 


0.405+0.009 


2.88 






0.86+0.04 


119.600+0.007 


0.39+0.02 


2.08 






0.22+0.04 


120.20+0.05 


0.5+0.1 


0.381 


18441-0134 


57.6* 


22+0 07 


78.0+0.1 


0.2+0.1 


1.02 






2 05+0 07 

jL^ .\J ^ -i—\J . \J 1 


79.2+0.1 


0.8+0.1 


2.54 






3 53+0 07 


80.9+0.1 


1.1+0.1 


3.04 






36+0 02 


83 080+0 005 


26+0 01 


1.31 






35+0 02 


83 870+0 009 


35+0 02 


0.946 


1851 1+0146 


56.8 


1 2+0 02 


59 74+0 03 


42+0 08 

\J .^A^ -i—\J .V/U 


27626 

\J 1 \JAj\J 


18527+0301 


76.0 


3.6+0.3 


70.3+0.1 


0.6+0.1 


5.78 






2.0+0.3 


71.9+0.1 


0.6+0.1 


3.00 






10.1+0.3 


72.8+0.1 


0.7+0.1 


14.4 






9.1+0.3 


74.3+0.1 


0.5+0.1 


18.2 






0.8+0.3 


76.1+0.1 


0.4+0.1 


2.02 






1.06+0.08 


81.4+0.1 


0.6+0.1 


1.55 






1.32+0.08 


82.1+0.1 


0.4+0.1 


3.29 






2.64+0.08 


83.9+0.1 


0.7+0.1 


3.78 


19012+0505 


40.4 


0.32+0.04 


31.95+0.06 


1.2+0.2 


0.243 


19092+0841 


58.0 


3.7+0.09 


54.8+0.1 


0.6+0.1 


6.31 






0.56+0.09 


55.5+0.1 


0.4+0.1 


1.49 






0.61+0.09 


56.2+0.1 


0.4+0.1 


1.34 






0.84+0.09 


56.8+0.1 


0.6+0.1 


1.24 
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Table B-3. continued. 



Source 




J 1' 


V 


AV 


■Fpeak 




(kms~') 


Mv km s^^^ 


(km s"') 


(km s"') 








1 6±0 09 


58.1+0.1 


0.3+0.1 


0.539 






1 67+0 04 


62 440+0 009 


96+0 03 


1.63 


19120+1 148 


55.0 


1 6+0 02 


57 96+0 04 


0.6+0.1 


0.251 






9 1 +0 02 


"nQ 00+0 01 


^9+0 05 


519 






0.15±0.03 


62.11+0.09 


1.0+0.2 


0.141 


19186+1440 




0.47±0.02 


-26.670+0.007 


0.33+0.02 


1.33 






1.37+0.03 


-25.800+0.008 


0.79+0.02 


1.62 






0.18+0.05 


-23.99+0.08 


0.9+0.5 


0.185 






0.92+0.07 


-14.86+0.03 


0.78+0.06 


1.11 






0.75+0.06 


-14.370+0.006 


0.37+0.01 


1.90 






2.52+0.03 


-13.380+0.003 


0.677+0.008 


3.50 






3.15+0.03 


-12.110+0.003 


0.698+0.006 


4.24 






2.97+0.03 


-10.750+0.004 


1.00+0.01 


2.80 


22187+5559 


^5.2'' 


0.09+0.03 


-11.44+0.08 


0.6+0.3 


0.133 
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Table B-4. Parameters of the 44 GHz CH3OH maser (Class I) detected with the Nobeyama 45-m telescope for both High (the IRAS 
name begins with H) and Low (the IRAS name is begins with L) sources. 



Source" 


Vlsr 
(km s-') 


(Jy km s ) 


V 

(kms-i) 


AV 

(kms-^) 


(Jy) 


H05168+3634 


-15.1 


1.12+0.2 


^.9+0.2 


1.3+04 


0.80 


H05480+2545 


-9.3'' 


3.3+0.1 


-9.79+0.02 


0.77+0.05 


4.08 


H06103+3030 


15.6 


2.7+0.6 


16.4+0.7 


5+1.5 


0.51 


H18089-1732 


32.9 


10.9+0.4 


31.94+0.01 


0.86+0.04 


11.8 


H18151-1208 


32.8 


2.2+0.2 


30.5+0.1 


1.5+0.3 


1.34 






2.0+0.4 


33.8+0.2 


2.1+0.5 


0.89 


H18159-1648 


22.1 


4.0+0.6 


13.2+0.1 


0.9+0.1 


3.95 






10.9+0.6 


19.5+0.1 


1.0+0.1 


10.01 






15.8+0.6 


20.9+0.1 


1.0+0.1 


6.97 






31.4+0.6 


22.9+0.1 


0.9+0.1 


32.11 






18.5+0.6 


23.9+0.1 


0.6+0.1 


27.9 


H18316-0602 


42.2 


6.6+0.1 


42.060+0.008 


0.62+0.02 


9.88 






1.6+0.2 


43.10+0.04 


0.70+0.09 


2.07 






2.9+0.4 


44.52+0.09 


1.6+0.3 


1.67 


H18360-0537 


102.3 


6.7+0.4 


102.4+0.1 


2.83+0.2 


2.23 






1.6+0.4 


106.4+0.3 


1.9+0.7 


0.74 


H18507+0121 


57.1 


10.0+0.4 


60.33+0.04 


1.3+0.1 


7.00 


H18517+0437 


43.7 


3.1±0.2 


43.97+0.05 


1.1+0.1 


2.70 


H19043+0726 


58.9 


2.5+0.2 


58.69+0.03 


0.65+0.09 


3.52 






1.1+0.2 


59.89+0.08 


0.7+0.2 


1.31 


H19088+0902 


59.6 


10+1 


58.67+0.07 


2.2+0.2 


2.0 


H19388+2357 


34.6 


1.8+0.4 


354+0.2 


1.6+0.4 


1.07 


H20050+2720 


6.4 


2.0+0.2 


6.6+0.1 


1.8+0.3 


1.09 


H20062+3550 


0.6 


2.5+0.2 


0.60+0.06 


1.0+0.1 


2.36 


H20126+4104 


-3.9 


8.9+0.4 


-2.43+0.04 


2.0+0.1 


4.17 


H20188+3928 


1.5 


2+1 


3+1 


3+2 


0.76 


H21391+5802 


0.4 


4.2+0.2 


-0.49±0.02 


0.73+0.08 


5.33 






5.4+0.4 


6.6+0.1 


2.3+0.3 


2.25 


H22506+5944 


-51.5 


3+1 


-51.3+0.1 


1.6+0.6 


1.81 






4+2 


-48+1 


5+2 


0.8 


L00420+5530 


-51.20 


1.6+0.4 


-48.8+0.3 


2.0+0.5 


0.8 


LI 80 18-2426 


10.5 


241.1+04 


11.280+0.003 


0.669+0.002 


339 


L18024-2119 


0.5 


10.0+0.4 


0.31+0.02 


1.28+0.05 


7.34 






3.1+0.4 


2.7+0.1 


2.3+0.3 


1.4 


L18144-1723 


47.3 


42.1+0.2 


48.590+0.005 


1.54+0.01 


25.6 


L18162-1612 


61.8 


5.1+0.2 


62.80+0.03 


0.84+0.07 


3.2 


L18396-0431 


97.3 


1.0+0.2 


97.6+0.1 


1.0+0.3 


1.0 


L19092+0841 


58.0 


4.0+0.4 


59.07+0.4 


5.7+0.7 


0.65 


L23385+6053 


-50.0 


2.9+0.4 


-50.6+0.3 


3.2+0.7 


0.9 



Notes. *"* "L" and "H" indicate if the source belongs to the Low or High sample; from NH3 observations performed with the Nobeyama 45-m 
telescope. 
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Table B-5. Same as Table IB-41 for the 95 GHz CH3OH maser (Class I) detected with the Nobeyama 45-m telescope. 



Source" 


Vlsr 




V 


AV 


ppeak 




(km s-') 


( Jy km s ' ) 


(km s-') 


(km s-') 


(Jy) 


H05480+2545 


-9.3" 


3.1±0.6 


-10.6+0.1 


1.3+0.3 


2.2 


H18089-1732 


32.9 


2.7+0.4 


31.38+0.02 


0.45+0.05 


5.5 






14+2 


32.4+0.2 


3.2+0.4 


4.2 


H18159-1648 


22.1 


4.7+0.8 


20.1+0.1 


1.6+0.4 


2.7 






7.6+0.6 


22.56+0.06 


1.4+0.1 


5.2 


H18316-0602 


42.2 


1.1+0.2 


41.63+0.05 


0.5+0.1 


2.1 


H18360-0537 


102.3 


13.2+0.8 


102.5+0.1 


4.1+0.4 


4.0 


H20126+4104 


-3.9 


6.0+0.4 


-2.75+0.08 


2.3+0.2 


2.5 


H21391+5802 


0.4 


2.5+0.6 


12.1+0.1 


1.2+0.5 


2.0 


H22506+5944 


-51.5 


5+1 


-47.1+0.2 


2.4+0.6 


2.0 


L18018-2426 


10.5 


33.5+04 


10.800+0.004 


0.622+0.009 


50 


L18144-1723 


47.3 


26.4+0.6 


47.91+0.03 


2.07+0.08 


12 


LI 8396-0431 


97.3 


3.8+0.4 


50.37+0.08 


1.24+0.2 


2.9 






14+2 


57.4+0.6 


7+1 


1.9 






4+1 


61.5+0.1 


1.3+0.4 


2.5 






8.0+0.8 


71.3+0.2 


3.4+0.6 


2.2 






1.6+0.2 


130.50+0.08 


0.7+0.1 


2.1 



Notes. "L" and "H" indicate if the source belongs to the Low or High sample; from NH3 observations performed with the Nobeyama 45-m 
telescope. 
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